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INTRODUCTION

The primary goal of this work is to develop a quantitative technique for
remotely detecting atomic fluorine. Our approach to this problem is to detect
the fluorescence from an excited state prepared by multiphoton absorption.
During the first year of this project, we recordedl tﬁe first observation of
341 resonantly-enhanced multiphoton ionization (REMPI) in atomic fluorine at
285 nm. Because the lowest lying excited states (3s2PJ at 105,000 cm'l) are
. the intermediate states at 285 nm, no lower lying states are available for
fluorescence in the visible wavelength region. Thus, a flourescence detection
technique must be used to observe states higher than 352PJ. This report
summarizes three experimental investigations that were performed during the

, second year of the project. Each of these experiments represents one step

‘ towards the goal of demonstrating that these higher lying states can (1) be
populated using either two- or three-photon absorption and (2) that fluores-

cence can be observed from these excited states.
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1William K. Bischel and Leonard E. Jusinski, Chem. Phys. Lett. 120,
337 (1985).
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PROGRESS

Experiments to Generate the Sixth Anti-Stokes Wave at 170 nm

A 170-nm beam is necessary to excite atomic fluorine to the 3p (2D°J)
states at 118,000 em’! in a two-photon excitation technique. A series of
experiments were performed to test if we could generate this VUV wavelength
using multiwave Raman mixing in Hy. A Raman cell in a purged beam line was
constructed to measure conversion efficiencies to the higher order anti-Stokes
waves in the VUV. To date, we have been able to generate only up to the fifth
anti-Stokes (AS) at 185 nm using a tunable doubled dye laser at 286 nm as the
pump. Recently, we discovered that cooling the Raman cell to liquid N, tem-
peratures and freezing any impurities that may be in the H, may allow the
generation of the sixth AS wave at 170 nm. A liquid N, cooled Raman cell has

been constructed and will be tested during the third year of the project.

3+1 REMPI of the 2P, State

Three-photon excitation may also be a viable technique for populating the
high-lying states in atomic F that fluoresce. We can determine whether these
states are populated by observing the 3+1 REMPI spectrum. For these experi-
ments, we chose the 3d2PJ state at 128,000 cm'1 to excite in an 3+1 REMPI
experiment. The experiment consisted of tuning a laser to 233 nm and observ-
ing the ionization signal while searching for fluorescence in the 700-800 nm
region. A gas mixture (5% F, in He) flows ttrough a cell that is equipped
with an electrode for monitoring the total ion current and with collection
optics for monitoring the fluorescence in the 700-800 nm region. We mixed the
frequency-doubled output of a tunable dye laser with a 1.06-um YAG output to
produce the tunable 233-nm light. This light is used for both the

photodissociation of the F, a d the REMPI of the F.

Using this apparatus, we obtained the first 3+1 REMPI ionization spectra

in the 233-nm region. The spectra show lines where most of the atomic fluorine
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lines are expected to be and also contain extra lines that may be due to
impurities in the compound. All these lines lie on top of a background signal
that is wavelength independent and produces the dominant noise. The fluorine
lines are roughly linear with gas density, whereas the impurity lines are

somewhat independent of gas pressure.

To date we have been unable to detect any clear sign of fluorescence from
any of the intermediate fluorine states. We detected very weak fluorescence
signals for the same laser wavelength regions where the strongest ionization
lines appear, but this fluoresence signal may be due to one of the impurity
lines. Because we were able to observe only two fluorescence lines, we cannot
unambiguously assign them to the expected atomic fluorine spectrum. Although
the ionization signals are relatively large, it appears that three-photon
excitation followed by the detection of fluorescence will not be a sensitive
detection technique for atomic F. Further research with larger F-atom densi-
ties is necessary to determine if the fluorescence that was observed can be

assigned to F-transitions.

Experiments Using a Time-of-I'light Mass Spectrometer

Because impurity ion signals precluded a clear analysis of the fluorine
ion spectrum in all our REMPI experiments, we decided to build a time-of-
flight (TOF) mass spectrometer to aid in the analysis of the fluorine REMPI
data. In addition, the atomic fluorine beam developed for the TOF spectro-
meter might be usable as the high-density atomic fluorine source in our

fluorescence detection experiments.

The TOF spectrometer is used in conjunction with a pulsed gas jet that
allows the highest possible gas densities in the probing volume and the lowest
possible densities at the detector. The 20-cm free-flight region gives a mass

resolution of approximately 50 for our simple TOF mass spectrometer design.

with the TOF apparatus, we again obtained the 352PJ spectrum at 285 nm. 1

We found that the 3+1 REMPI of F, at 284 nm produces only F* and no F2+ within
the sensitivity limits of our detector. This result implies that the ioniza-
tion of F, is immediately followed by the photodissociation of F2+ and thus
the TOF mass spectrometer is unable to separate the F* and the Fz* spectra.

Additional details of this work are described in the Appendix.
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We also used the TOF spectrometer, along with an excimer laser (248 nm)

used to dissociate the F,, to develop a high-density atomic fluorine beam.

The primary drawback to this approach with the current apparatus is that light
from the dissociation laser produces a large ion background that masks the
signals at the F, and F mass positions. We plan to modify the TOF apparatus

to eliminate this background signal and thus allow single-atom detection
sensitivity for F*.
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FUTURE WORK

We are currently setting up an experiment to excite fluorine atoms using a
two-photon transition since the larger two-photon cross section will produce a
larger fluorescence signal. This transition is shown in Figure 1. A 157-nm
beam from an excimer laser and a tunable 185-nm beam (fifth anti-Stokes from

285 nm) will be overlapped in a cell to populate the 3p2

D°J state near

118,000 cm'l. The 750-800 nm fluorescence to the 352PJ states will then be
monitored. A microwave discharge will be used to dissociate the F,. The
larger two-photon cross section (compared with the three-photon) and the higher
density of atomic fluorine from the discharge (compared with the photodisso-
ciation at 233 nm) should provide a greater chance of success for this approach

than the three-photon excitation technique.

In addition, if cooling of the Raman cell allows the generation of the
sixth AS at 170 nm, then we can use a single laser to access these same states

with a two-photon transition.

Simultaneous with this two-photon effort, we will modify the TOF spectro-
meter in an effort to produce a high-density atomic fluorine beam. Modifica-

tions under consideration include
(1) Geometry changes that will reduce the stray photodissociation
light that produces the large ion background.

(2) Use of a heated nozzle to dissociate the F2, which would
eliminate the need for a photodissociation laser.

(3) A differential pumping scheme to reduce the F, exposure to the
detector.

(4) Replacement of the current detector (a standard electron
multiplier) with a microchannel plate detector.
The successful generation of a high-density atomic fluorine beam with
known parameters will be an important step in the development of a fluorine

diagnostic technique.
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MULTIPHOTON IONIZATION SPECTROSCOPY OF F AND F,
USING A TIME-OF-FLIGHT MASS SPECTROMETER
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SRI International, Chemical Physics Laboratory

Telephone numbers:

G. C. Herring
Leonard E. Jusinski
Mark J. Dyer
William K. Bischel

Using a time-of-flight mass spectrometer, multiphoton ionization (MPI)

Appendix
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ABSTRACT

spectra of F and F, have been obtained.

284 nm produces F* instead of F; thus complicating the interpretation of data

obtained in F atom MPI experiments.
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SUMMARY
1

Recent studies™ of the resonantly-enhanced multiphoton ionization
(REMPI) of F and F2 wvere performed in a bulb experiment where the total ion
current was observed. When the laser was tuned through the spectral region
around 286 nm, spectra from both F and F, were observed. Since we had
difficulty interpreting some of the data from these experiments due to

spurious signals resulting from overlapping F and F, MPI transitions and the

background ionization of impurities, we developed a time-c:-flight (TOF) ma::
spectrometer to allow the observation of just the F' or F; ion signals. Ve
report here the results of these experiments.

Qur current apparatus uses a tunable UV laser light source and a time-o!-
flight mass spectrometer. We have found that the 3+1 REMPI of F, at 28% mn
produces only F* and no F; within the sensitivity limits of our detector.

This suprising result implies that the ionization of F, is immediately
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Herring et. al., "Multiphoton Ionization ...... "

followed by the photodissociation of F2+ with a cross section that is

021 ¢m?. This observation limits the utilicy

estimated to be larger than 1
of TOF technique in interpreting the REMPI spectra of F and Fy.

The TOF signal at the F* mass shows double-peaked signals resulting frc:
the forward/backward translational energy release in the photodissociation
process. When the laser is tuned to a 3+1 REMPI transition in F, at 284.1 ru

[resonant state is the H1

Hu(v'-O)]l, the double-peak structure is evident
when the laser polarization is parallel to the TOF detection axis indicating
that the photodissociation transition is a parallel transition. We have
tentatively identified the mechanism for F* atom production as a two-step

process of

FZ(XIZg) + 4hy (284 nm) ~ F;[Xzﬂg(v"-?)] +e, (1)
and
F;(ing + hv(284 nm) - F3(a%m,) = F* + F + 1.18 ev. (2)

In determining the kinetic energy release given in Equation 2 we have assume:
that the F; X state is formed with v"=0. We have measured the peak
separation as a function of plate voltage and determined that the kinetic
energy release is 1.0%x0.2 ev, consistent with the energy release shown in
Equation 2.

When the laser is tuned to the 3+2 REMPI transition in atomic F at 287
nm (resonant state is the 2P3/2 state),1 the double-peaked structure is oniv
evident when the laser polarization is perpendicular to the TOF detection
axis indicating that the photodissociation transition is a perpendicular
transition. We have identified the mechanism for F' production as a two si¢

transition of

F2(X12g) + hu(286 nm) » Fo(All)) = F + F + 2.73 ev, (3)
F + Shu(286 nm) - F' + e. (4)
A-3
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Agair., measuring the peak separation as a function of plate volrage vielIcs .

kinetic energv release of 3 020.3 ev, consistent with the kinetic energv
release given in Equation 3.

We have used this information to separate the F atom REMPI signal frox
the the F, REMPI signal by using a laser polarized perpendicular to the TOF
detection axis and two detection channels. The double peaked structure
occurs when the laser is tuned through an F atom REMPI transition and is
absent when the laser is tuned through an F, REMPI transition. This method
allows the simultaneous measurement of F atom and F, REMPI spectra with

minimal interference.

This work was supported by the Air Force Office of Scientific Research.

1. W. K. Bischel and L. E. Jusinski, Chem. Phys. Lett. 120, 337
(1985).
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